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Abstract
The extraction chromatography separation experiments with the engineering scale column were carried out on a 
simulated waste solution. Ten times repeated separation experiments with two steps flow sheet using the CMPO/SiO2-P 
and the HDEHP/SiO2-P adsorbents provided durability of the adsorbents. The chromatograms obtained from the 
CMPO/SiO2-P column showed reproduced profiles through the multi-cycle operations. On the other hand, the time of 
development and peak shapes of the representative elements for HDEHP/SiO2-P column became slower and broader with 
the number of repeating the procedure due to leaching of HDEHP from the adsorbents.
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1. Introduction 
    Extraction chromatography is one of the promising technologies for recovery of minor actinides (MA; Am and Cm) 
from the waste solutions generated by the processing of spent fast reactor fuel [1]. Adsorbents employed in this method 
are porous silica beads coated by styrene divinylbenzene polymer (SiO2-P) which support an extractant such as 
octyl(phenyl)-N, N-diisobutylcarbamoyl -methylphosphine oxide (CMPO) or bis (2-ethylhexyl) hydrogen phosphate 
(HDEHP). A high level liquid waste (HLLW) generated from the spent fuel reprocessing is fed into the packed column, 
and subsequently MAs are separated from fission products through adsorption/elution processes.  
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    Japan Atomic Energy Agency has been investigating the most appropriate flow sheet for recovering MA efficiently and 
safely. As well as the fundamental process design, development in the engineering scale apparatus has been carried out in 
order to achieve throughputs targeted with constant separation performance. Then a bench scale column system was 
developed and an appropriate operation condition which gives uniform flow velocity and temperature profile inside the 
column was investigated [2].  
    In this study, 10 cycles repeated separation experiments with the column system were carried out using the flow sheet 
proposed by the process design study, and durability of the adsorbents were evaluated from changes in the chromatograms, 
amount of the leached extractants and SEM images of the used adsorbents. The appropriate operation condition was also 
verified through the continuous separation experiments. 
2. Experimental 
    The engineering scale column system consists of a column with 200 mmID and 650 mmH (1 BV = 20 L) made from 
stainless steel, two diaphragm pumps, a mohno pump for packing the adsorbents, pipes and tanks. Details of the system are 
described in the previous report [2].
    The CMPO/SiO2-P adsorbents and HDEHP/SiO2-P adsorbents for the experiments were prepared by the procedure 
reported in the article [3]. The adsorbents were mixed with water and packed in the column through the pump by slurry 
transfer. The flow sheet adopted in the experiments consisted of two steps i.e. MA and lanthanides were recovered from 
HLLW through CMPO/SiO2-P adsorbent column (1st step) and then the MA was separated from the lanthanides through 
HDEHP/SiO2-P adsorbent column (2nd step). The conditioning solution, feed solution, wash solutions and eluents were 
passed through the column sequentially as shown in Table 1.  
    Temperatures inside the column and of the feed solutions were maintained at 323 and 298 K for CMPO column and 
HDEHP column, respectively, by water jacket and heaters for solutions. Flow rate of the solutions and pressure of the 
column were recorded during the experiments. The eluted solution was fractionally collected every 20 L at the downstream 
of the column, and the concentration of elements in the fractions were analyzed by ICP-AES. 
Table 1 Experimental conditions  
CMPO column 
Solution Composition Amount 
[BV] 
Conditioning 3 M HNO3 2 
Feed Simulated HLLW 
(Sr, Y, Mo, Zr, La, Ce, Nd, 
Gd, Eu in 4.76 M HNO3)
0.75
Wash 1 3 M HNO3 2 
Eluent 1 H2O 5 
Eluent 2 50 mM DTPA (pH 3) 5 
Wash 2 H2O 1 
HDEHP column 
Solution Composition Amount 
[BV] 
Conditioning 25 mM DTPA (pH 2.3) 1 
Feed Product of the CMPO 
column 
9
Wash 1 25 mM DTPA (pH 2.3) 2 
Eluent 1 50 mM DTPA (pH 3) 3 
Wash 2 H2O 1 
Wash 3 1 M HNO3 3 
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3. Results and Discussion 
3.1. Operations 
    The pressure drop of the CMPO/SiO2-P bed showed dependence on the solutions fed into the column, and the pressure 
of the system exceeded the limit of the system (0.4 MPa) when the flow rate of the feed solutions was set at the value of 
1.26 L/min. Therefore the flow rate of the solutions was controlled at 0.6 - 1.26 L/min to keep the pressure under the limit.     
The solutions were switched according to the amount of the effluent. 
    Punctual operations with the constant flow rate at 1.26 L/min must be achieved by utilizing the fact of the linear 
increase of the pressure drop of this system with increase in the flow velocity [2], if the limit of the pressure was boosted up
to the twice of the original one. It is considered that the increase in the pressure might be caused by swelling of the 
adsorbents and precipitation of chemical compounds due to drastic change in acidity. In addition to the upgradation of the 
apparatus, improvements in the flow sheet for preventing the swelling of the adsorbents and the precipitation are also 
required to control the pressure of the system stable.
    When the HDEHP/SiO2-P bed showed fluctuations in the pressure, after 3rd cycle operation a back-washing removed a 
part of the precipitations deposited on the packed bed or on the filter of the column. The back-washing operation should be 
tried as a primary step to recover from a case of plugged the packed bed.
3.2. CMPO column 
A chromatogram obtained by the 1st cycle operation with the CMPO/SiO2-P is shown in Fig. 1. Sr was not adsorbed 
and was washed out by the nitric acid solution. Rare earth elements, Mo and Zr were adsorbed on the CMPO/SiO2-P,
whereas the rare earths were eluted by water, Mo and Zr were not eluted by water but by the DTPA solutions. These results 
fairly accorded with the chromatograms obtained by laboratory scale experiments [4]. 
The elution curves at 1, 3, 5 and 10th cycles of Sr, Nd and Zr are shown in Fig. 2.  




















Feed 3M HNO3 H2O 50mM DTPA (pH=3) H2O
Fig. 1 Elution curves obtained by the 1st cycle operation of the CMPO column. 










Feed 3M HNO3 H2O 50mM DTPA (pH=3) H2O
 Sr 1st cycle
 Sr 3rd cycle
 Sr 5th cycle
 Sr 10th cycle
 Nd 1st cycle
 Nd 3rd cycle
 Nd 5th cycle
 Nd 10th cycle
 Zr 1st cycle
 Zr 3rd cycle
 Zr 5th cycle
 Zr 10th cycle
Fig. 2 Elution curves of Sr, Nd and Zr obtained by 1, 3, 5 and 10th cycle operations. 
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Table 2 Recovery yields and decontamination factors obtained by CMPO column experiments 
Recovery yields [%] DF 
Cycle 1 3 5 10 1 3 5 10 
Sr 0.3 0.2 0.2 0.1 370 540 400 720 
Nd 92 103 98 94 1 1 1 1 
Zr 39 71 63 66 3 1 2 2 
    The chromatogram scarcely changed through the 10 times repeated operations. The interim product from the CMPO 
column was collected as the effluent of 3.5 - 12.5 BV, and the product was fed to the HDEHP column. The recovery yields 
of the representative elements to the product and decontamination factors from the product are shown in 
Table 2. Nd was chosen as a stand in of MA for calculating DF. Zr and Sr were decontaminated roughly and excellently 
from the product, respectively. Therefore, elements such as Cs which are not adsorbed must be largely removed by the 1st 
column, and Zr and Mo should be removed through the next step. 
    Leaching of CMPO from the CMPO/SiO2-P adsorbents through 10 cycle operations was evaluated by TOC 
measurement to be ca. 2%. Shape of the adsorbents after the 10th cycle operation did not show distinct change from the 
unused one according to microscopic observation. Since radiation damage rather than the leaching of the extractant or the 
mechanical damage affects greater on the durability of the adsorbent [5], the period of the adsorbent durability have to be 
quantitatively evaluated from the effects of the radiations on the performance.  
3.3. HDEHP column 
    A chromatogram obtained by the 1st cycle is shown in Fig. 3. Zr was not adsorbed on the HDEHP/SiO2-P. Rare earth 
elements were adsorbed, and they were eluted by the nitric acid solution. Am and Cm are expected to be eluted by DTPA 
solution at pH = 3 [5], thus the final MA product was assumed to be 12.5 - 15.5 BV of the effluent. Since part of Mo was 
adsorbed and then eluted by the DTPA solution, Mo might be mixed with the MA product.  
    The elution curves at 1, 3, 5 and 10th cycle of Nd, Eu and Zr are shown in Fig. 4. The peak profile of Zr did not change 
drastically through 10 cycle operations. In contrast to that, elution time and peak shape of Nd and Eu became slow and 
broad, respectively, by increasing the number of repetition. Since significant mechanical damage for the used adsorbents 
was not observed in SEM images of them, the changes in the elution profile are considered to be caused by HDEHP 
leaching from the SiO2-P supports. Leaching of HDEHP from the HDEHP/SiO2-P adsorbents through 10 cycle operations 
were ca. 15 %. Therefore, optimizations in structure of an acidic extractant instead of HDEHP or in degree of cross linkage 
of the polymer for HDEHP are required to improve the durability of the adsorbent.  
    The recovery yields of the representative elements to the final product and decontamination factors from the final 
product are shown in Table 3. Although leaching of HDEHP affected the elution profiles, rare earth elements as well as Zr 
are excellently decontaminated by the HDEHP column. In order to remove Mo from the product, an additional process or 
improvements on the flow sheet are required. 
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Fig. 3 Elution curves obtained by the 1st cycle operation of the HDEHP column. 
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Fig. 4 Elution curves of Nd and Eu obtained by 1, 5 and 10th cycle operations. 




Cycle 1 5 10 1 5 10 
Nd 0.1 0.4 0.6 1510 260 170 
Eu 0.3 0.5 0.9 370 210 110 
Zr 0.3 0.1 0.2 300 730 500 
4. Conclusion 
    Extraction chromatography separation experiments with engineering scale column system were carried out on the 
simulated HLLW. Ten times repeated experiments revealed that punctual operations can be achieved if the fluctuation of 
the pressure is controlled or negligible for the system.  
    Leaching of CMPO from the adsorbents and mechanical damage of the CMPO/SiO2-P adsorbents were not serious. On 
the other hand, the HDEHP/SiO2-P adsorbent has to be improved to minimize the extractant loss from the column. Flow 
sheet of the 2nd step may also be necessary to be optimized to improve the purity of MA in the final product. 
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